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ABSTRACT 


This report summarizes the results of a computer mapping project using 
LANDSAT data and the USGS/NASA land use classification system. During the 
computer mapping portion of the project, accuracies of 67% to 79% were 
achieved using Level II of the classification system and a 4,000 acre test 
site centered on Douglasville, Georgia. Analysis of response to a ques- 
tionnaire circulated to actual and potential LANDSAT data users reveals 
several important findings: 

(1) There is a substantial desire for additional information related 
to LANDSAT capabilities. 

(2) A majority of the respondents feel computer mapping from LANDSAT 
data could aid present or future projects. 

(3) The costs of computer mapping are substantially less than those 
of other methods. 
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I. 


INTRODUCTION 


This is the second report prepared under this contract. It summarizes 
the results of the entire twelve month offor* ; however, the emphasis is 
placed on the last two program objectives. These are: 

(1) An identification of user requirements in land use mapping 
projects, and 

(2) A cost-effectiveness evaluation of land use mapping via computer 
processing of LANDSAT (formerly Earth Resources Technology 
Satellite) data. 

The first objective - the evaluation of the compatibility of the USGS/ 
NASA land use classification system with automatic processing techniques 
applied to LANDSAT data - was covered in detail in the previous report. 

It is not intended that this report duplicate the information contained 
therein, but a summary of the interim report will be given in Section II 
of this report. For a complete picture of the project results, both 
reports should be reviewed. 

From the outset this project has been user oriented. During the 
initial phases of the study, the Georgia Department of Natural Resources 
and the Douglas County Planning Office were consulted on several occasions. 
After completion of the land use mapping effort and the interim report, a 
presentation was given at EES which was attended by personnel from several 
state agencies. Finally, approximately 200 questionnaires were distributed 
along with copies of the interim report, and user evaluations were solicited. 
The questionnaire and briefing are covered in Section III. 

Analyses of the user responses are given in Sections IV and V. They 
are evaluated according to operational requirements of potential users. 

Cost effectiveness measures are also derived from user supplied data and 
from EES cost estimates. 

Finally the complete project is summarized in Section VI. Prom the 
results obtained in this project it appears that computer land use analyses 
from LANDSAT data have substantial benefits to some users. There are 
other users for who'i these data are useful but the data are not sufficient 
by themselves. Considering relative costs, computer mapping from LANDSAT 
data is the on ly feasible method of carrying out some projects. 
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II . SUMMARY OF INTERIM REPORT 


Introduction 

From the results of several previous investigations by various groups 
it is obvious that land use can be mapped via computer processing of LANDSAT 
(formerly Earth Resources Technology Satellite) data (1, 2,3,4], However, 
many of the projects carried out to date have been special purpose in the 
sense that they were either very specifically directed toward one goal, or 
alternatively any land use categories that fell out were mapped. In one 
project, for example, a land use map of Milwaukee County was prepared 
which had five categories of water displayed. None of the above is meant 
to criticize the results of previous studies; however, it is intended to 
point out the lack of uniformity resulting from many previous land use 
investigations using computer processing of LANDSAT data. 

There is at the present time intense interest in and support for 
enactment of a national land use bill. Should passage of this bill 
eventually take place, there is considerable merit in using a national land 
use classification scheme for any mapping carried out under this proposed 
legislation. One such system has been proposed by James R. Anderson, et al., 
specifically for use with remote sensor data (5]. The categories of land 
use proposed are given in Figure 1. As can be seen there are two levels of 
classification with Level II being a finer categorization of the Level I 
land use classes. 

As stated in the publication. Level 1 classifications were derived so 
that the source of information could be "satellite imagery, with very little 
supplemental information." The sources of information required for Level 
II were expected to be "high-altitude and satellite imagery combined with 
topographic maps." Several investigations have shown, however, that it is 
possible to map many categories in Level II directly from the LANDSAT data 
tapes (with appropriate ground truth information). Due to the varied nature 
of these investigations, it is difficult to identify all of the Level II 
categories which can or can not be mapped utilizing computer processing of 
LANDSAT data. 
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02. Agricultural Land. 


Land-Use Classification System for Use 
With Remote Sensor Data 

Ltvtll l.evtt u 

01. Urban and Built up Land. 

01. Residential 

02. Commercial and ser- 

vic'-.s. 

03. Industrial. 

04. Kx tractive. 

05. Transportation. Com- 

munications, and 
Utilities. 

0G. Institutional, 

07. Strip »«nd Clustered 

Settlement, 

08. Mixed. 

09. Open and Other. 

01. Cropland and Pasture, 

02. Orchards, Groves, 
Bush Fruits, 
Vineyards, and 
Horticultural 
Areas. 

03. Feeding Operations. 

04. Other. 

01. Grass. 

02. Savanna* (Palmetto 
Prairies). 

03. Chaparral. 

04. Desert Shrub. 

01. Deciduous- 

02. Evergreen (Coniferous 
and Other). 

03. Mixed. 

01. Streams and Water- 

ways. 

02. Lakes, 

03 Reservoirs. 

04. Bays and Estuaries. 

05. Other. 

06. Nonforested Wetland. 

01. Vegetated. 

02. Bare. 

01. Salt Flats. 

02. Beaches: 

03. Sand Other Than 

Beaches. 

04. Bare Exposed Rock. 

05. Other. 

08. Tundra. 
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09. Permanent Snow and Icefields. 

01. Permanent Snow and 
Icefields. 
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05. Water, 


07. Barren Land. 
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Figure 1. USCS/IIASA Land-Use Classification System. 
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In order to provide a consistent basis for discussing land use mapping 
via LANDSAT, the present program was instituted. The general objective of 
this program is, thus, a determination of the extent to which the USGS/ 

NASA land use classification system is compatible with the computer pro- 
cessing techniques employed for land use mapping from LANDSAT data. 

One of the current problems facing land use planners is lack of a 
common vocabulary with the specialists who procecs remote sensing data. 

The USCS/NASA land use classification system is an attempt to bridge this 
communication gap. However, there is still some confusion because automatic 
processing is capable of identifying more categories than those contained 
in Level I but less categories than are contained in Level II. This study 
provides information that makes it possible to specify those categories of 
land use which can be identified using LANDSAT data. This should provide a 
common ground on which land use planners and processing specialists can 
begin working together to solve land use problems. 

The Georgia Department of Natural Resources (DNR) also participated in 
the study by providing inputs on the applicability of these results to 
operational planning agencies. Since Douglas County was chosen as the test 
site for this project, the Douglas County Planning Office provided inputs 
necessary to the study. 

In succeeding paragraphs we will discuss the results obtained In the 
first portion of this project. These Include the reasons for selecting 
Douglas County, the actual mapping project, accuracy evaluation, and some 
problems that might be faced in carrying out an operational project using 
these techniques. As mentioned previously, this only summarizes the interim 
report; more complete detail is to be found in the report itself. 

Reasons for Choosing Douglas County Test Site 

Douglas County Is at an earlier stage In Its development than many 
counties in the Metro Atlanta area. However, several recent and pending 
events promise to jccelerate rapidly the growth of this area. Of necessity 
this means that land use patterns are changing rapidly and will continue to 
do so in the future. It is important, therefore. In this county that there 
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be planning for the Impacts on land use which will occur. For these reasons, 
Georgia DNR selected Douglas County as an appropriate test site. 

The single major cause of the county*s present rapid growth in residential 
and other areas is the re^ .it completion of Interstate 2U into the county. 

This provides relatively easy access to the area from the center of Atlanta. 

As usually happens with the opening of a new transportation corridor, many 
families have chosen to locate along 1-20 in Douglas County. Since 1-20 
presently ends within the county, many people who might otherwise live 
further from the center of Atlanta, probably locate in Douglas County. For 
whatever reasons, the recent completion of 1-20 into the county seems to 
have accelerated the growth of the county. 

Pending events could have a much greater impact on Douglas County than 
simple outward growth from Atlanta. A site In the north portion oi Douglas 
County is one of the proposed locations for a second Atlanta airport, if 
this should occur, many new industrial, commercial, and residential areas 
will open up within the county. One logical transportation corridor to the 
airport site would be a limited access highway originating at 1-20 in Douglas 
County and terminating at the new airport. This would further increase 
pressures for development it* Douglas County. 

A west Georgia tollway has been proposed to link Chattanooga with 
Tallahassee. Should this road be built it would pass through or near the 
western portion of Douglas County. This major North-South transportation 
route would ceriainly impact the development of the west Georgia area, in- 
cluding the Douglas County area. 

The present rapid growth and the potential for continued expansion in 
Douglas County is clearly evident. For the Georgia Department of Natural 
Resources, then, the results of this study provided a base of information on 
the land use in Douglas County for 1972. It will enable DNR to monitor 
progress and update this base as appropriate to take into account any of the 
events mentioned here. If neither of the proposed projects occur, growth 
within the county will certainly continue, but at a slower rate. 
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Douglas County Land Use Mapping 


The LANDSAT mapping discussed in this report was accomplished using 
the Algorithm Simulation Test and Evaluation Program (ASTEP) implemented 
on a Univac 1108 at Georgia Tech. This program, which was rriginally 
written for NASA/JSC has been extensively modified by EES personnel to meet 
the needs of this and other mapping presets. As currently implemented at 
Georgia Tech, ASTEP (1) uses a maximum likelihood algorithm for pattern 
classification, (2) has been modified for automatic scaling specifically for 
LANDSAT remote sensing applications, (3) has the capability for rotation of 
the data to true north and overlaying a geographic coordinate system, and 
(4) contains provisions for both feature selection based upon a correlation 
matrix eigenvector transformation and for change-detection pattern recogni- 
tion. 

The maximum likelihood algorithm is based upon Baye's formula* from 
classical statis* c s and an assumption of multivariant, normal (Gaussian) 
probability distributions. (This assumption is usually adequately satisfied 
in practice, except where multimodal statistics exist.) The algorithm allows 
supervised classification with greater accuracy than the clustering algorithms 
if appropriate training data sets are available. Excluding the training time 
for the classifier, the maximum likelihood approach generally uses less 
computer time than the clustering method for a specific data set. in addi- 
tion to the classification algorithm, the program ASTEP contains subroutines 
which provide the operator with useful statistics, cluster data, and level 
slices for intelligent use of the program for classification of LANDSAT 
remote sensor data. 

Software for operation with a Tektronix Cathode Ray Tube plotter has 
been integrated into the ASTEP program package. This allows the user to 
immediately display and generate a hard copy of a 2 or 3 dimensional plot 
of the spectral data for use in evaluating the separability of data classes. 

A 2 dimensional histogram of the data may also be selected. By viewing the 
actual data in 2 or 3 dimensions the user can visually decide if two classes 

* 

This allows minimization of the "total xpected loss" by individually 
minimizing the "a posteriori conditional risks." 
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overlap In > ectral apace. This overlap is often the cause of misclassi- 
f ication. 

Land use maps have been prepared for that portion of Douglas County 
which includes Douglasville and the majority of the developed area in the 
county. The LANDSAT scene processed was that of October 15, 1972. NASA 
high altitude photography, also taken In October 1972, was obtained from 
the EROS Data Center toi use in the accuracy evaluations. Supplemental 
data in the form of field surveys and low altitude oblique photography 
were also used. 

A "quick look" accuracy evaluation was made to ensure that the land 
use categories identified from LANDSAT were largely correct. This was 
accomplished by enlarging the high altitude photography to the scale of the 
LANDSAT printout - 1:24,000. A visual comparison of the two products then 
determined that the results were generally correct with the exceptions 
noted later in this section. 

A pixel-by-pixel accuracy evaluation was completed for a portion of 
the area. This was accomplished in the following manner: a clear overlay 

of the 1:24 .,000 enlargement was prepared as a land use map of the area. 

Land use was classified according to Level II of the USCS/NASA land use 
classification system. Approximately 4000 acres have been compared with 
LANDSAT data to provide quantitative accuracy results for each land use 
category. These results are based on supervised classification techniques 
using maximum likelihood decision criteria. 

As stated previously, it Is possible to produce land use maps with a 
high degree of accuracy using the categories of Level 1 of the USCS/NASA 
classif fcatfon scheme and automatic processing techniques. The categories 
which can be found and mapped in our test area include: urban and built-up, 

agricultural land, range land, forest land, water, and barren land. The 
accuracy of a Level I classification approaches 100%. 

The Level II categories which can be identified and mapped include: 
residential, commercial and services, industrial, extractive, strip and 
clustered settlement, and open and other; cropland and pasture; deciduous, 
evergreen, and mixed; streams and waterways, lakes, and reservoir; and bare 


/ 


8 


exposed rock. The categories of Level II present more problems In terms of 
their imlque Identification than do the categories In Level 1. This Is 
related. In generul, to t he fact that LANDSAT measures land co«er and we 
mapped land use. These problems, however, will be dlscussrv; < j more detail 
later. First we will discuss processing results specifically related to eacn 
category above. 

Residential , We have been successful In identifying both low and medium 
density residential as separate categories or as one category. However, we 
have not found one single category that we could call residential. Multi- 
family housing, for example, has the same signature as industrial areas In 
many cases. Hence it could not be completely separated out to be included 
with residential. There are problems also with identifying heavily wooded 
subdivisions as residential. 

Commercial and Services . Commercial areas, especially those witli large 
parking lots, are readily identifiable. There Is - good separation between 
the signatures of commercial and Industrial areas. However, there, is 
difficulty in separating commer'ial and services from institutional which, 
in fact, often performs some commercial service. An office park does not 
necessarily look different from an institution of higher learning, for 
example. 

Industrial . Ttie ’ndustrial category Is lea^jnably well differentiated from 
commercial and transportation areas except for transportation/warehousing 
areas. There are some misc lassi f icat ions due to large storage areas which 
resemble manufacturing plants. As was mentioned previously, multifamily 
housing often has signatures similar to industrial complexes. 

Ext ractive . The only forms of extractive land in the present study area 
are large stone quarries from which road building materials are derived. 

These areas are generally identifiable from their high reflectance, but 
can be confused with concrete parking lots or airport runways. 

Strip and Clustered Settlement . This category is identifiable in the pro- 
cessed '‘rta but more from its shape than its spectral characteristics. 
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Often this category will contain a combination of commercial, multifamily 
housing, and transportation. 

Open and Other . In an urban/suburban environment this category is most 
often a well-kept grassy area such as a park, golf course, or cemetary. 

These areas are identifiable with a high degree of accuracy. 

Cropland and Pasture . In the October 15, 1972 scene most of the crops have 
been harvested. Thus there usually remains only oat or corn stubble, or 
possibly bare ground where the crops had been planted. Pastures, however, 
are readily identifiable including some areas which are being grazed after 
harvest, tng. The signature for pasture 1 b similar to the open grass areas in 
more urbanized areas. 

Deciduous, Evergreen, and Mixed Forests . Deciduous forests are easily 
separable from evergreen forests, particularly in October when leaves are 
turning on deciduous. Mixed forest sometimes tends to be dominated by one 
category or the other lit the classification. However, areas of mixed forest 
are separable in other instances from either deciduous or evergreen. 

Streams and Waterways, Lakes, and Reservoirs . All of these Level 11 cate- 
gories tend to be classified into a single category - water. Streams 
(large) and waterways can be separated from lakes and reservoirs generally 
on ‘.’v. basis of shape. However, supplementary data are often required to 
differentiate lakes from reservoirs. 

Bare Exposed Rock . No bare exposed rock exists in the areas currently 
classified in Douglas County. However, from previous studies in the Stone 
Mountain, Georgia area, it is known that this category can be recognized. 

Most of the inaccuracies in classification above relate to trying to 
classify land use from land cover. Planners in general, and the Georgia 
Department of Natural Resources in particular, are interested in land use 
Information. A heavily wooded residential area with large lots, and hence 
much space between houses, should be classified as residential from a 
planner's point of view. However, from the LANDSAT data it is difficult to 
classify all of this area into one category which could be called residential. 
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The tendency is to have two or more categories representing forest, grass 
and housing. 

Other example*? of this problem are found in the case of airports. One 
cannot uniquely define a LANDSAT signature for airports. The area occupied 
by an airport consists of several different types of land use including 
runways and taxiways, buildings, and service/maintenance areas. These and 
other issues are discussed in more detail later. 

Accuracy Evaluation 

Preliminary results of our accuracy evaluation of the computer generated 
land use map are given in this section. For the purposes of this report 
only about 10% of the total area was evaluated. This included about 4000 
acres centered on Douglasville - probably the least accurate area from a 
classification standpoint. 

The photointerpretaticn was assumed to be correct. Both NASA high 
altitude photographs and low altitude observations and field checks were 
used in arriving at the "correct" classifications. However, the results 
may be subject to some revision as the study proceeds. 

The overall accuracy of the computer-generated map was 67% as shown in 
Table 1. Accuracies ranged from 87% in the residential category to only 26% 
for the open category. This low figure results, in part, from an inadequate 
sample containing open areas and the diverse definition given to open areas. 

An area of substantial raisclassif ication was in the three fcrest cate- 
gories deciduous, evergreen, and mixed. Had there been only one category 

into which all forest areas were classified, the overall accuracy would 
have risen to 79%. Land use maps generated by and for planning agencies 
typically have only one category for forest, and this may be a transparent 
color overlaying all other categories. 

While thio accuracy is certainly not as high as is desired for most land 
use maps, the results compare favorably with published results of manual 
photointerpretation of high altitude photography. In a recent report by 
Paul L. Vegas (6] at NASA/NSTL. an overall accuracy of 84% was obtained using 
manual interpretation of NASA high altitude photography. The categories used 



in the classification wore somewhat different than those for Level II cate- 
gories. However, there is enough similarity to warrant comparison. 

Most of the area (approximately 95%) of Georgia is rural. .Since the 
accuracy of this technique is highest in rural areas, it is estimated that 
95% of the area of Georgia could be mapped with accuracies in the 80% to 90% 
range. 

Problems Relative to I .AM PS AT Processing Using USCS/NAS A 
Land Use Classification System 

Some categories of land use are not obtainable from any remote sensor - 
LANDSAT or high or low altitude photography. Consider the categories of 
transportation, communications and utilities. From LANDSAT or from photo- 
graphy, an airport will not look similar to a rail switching yard, let 
alone a communications complex or a utility. A human interpreter can 
possibly make allowances because of a priori knowledge and classify all of 
the above into a single category. However, it is not possible for even a 
human interpreter to exactly define the boundaries of the above unless 
they are fenced in at the boundary or there is a change of vegetation at the 
boundary. 

Many other categories share this problem. It can be difficult to 
discern the boundary of a park, for example, from either photographs or 
LANDSAT computer maps. Clearly supplemental information is required to 
make a land use map which accurately reflects parameters necessary for 
intelligent planning. 

Part of the problem with an airport, for example, is that there are 
several types of land cover within the boundary. At the Hartsfield 
International Airport in Atlanta, there are these categories of land cover: 
bare ground, concrete, asphalt, large buildings, trees, and grass. On a 
computer classification map these areas are likely to classify with in- 
dustrial, commercial, forest, and open and other. 

The preceding paragraph outlines a problem which is much more general 
than just defining the boundaries of a particular category such as trans- 
portation/airport. This is the problem of observing land cover and classifying 
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land use. It is apparent in several categories of land use. Residential 
areas, for example, range from apartment complexes to cluster/condominum 
homes to single family detached residences with lot sices from 1/A acre to 
10-15 acres - even in urban areas. It appears that planners generally would 
like for all of these to be categorized as residential or possibly multi- 
family/single family residential. 

This has proved impossible so far. The difficulties with multifamily 
have been discussed previously. Contextual information (or a priori 
knowledge) however, often allows one to differentiate between industrial 
areas and multifamily residences. With very low density residential areas, 
particularly those which are heavily wooded, there are likely to be several 
categories on a computer generated LANDSAT map. The areas occupied by the 
houses/lawns/driveways will probably be classified in a category which in- 
cludes higher density single family residential. The forested areas In 
between houses, however, are likely to classify as deciduous, evergreen, 
or mixed. Since these areas are neither open/other nor forests in the 
true sense of the word, they should be classified residential. (Indeed 
there is no category for forest in class 01.) This has proved difficult so 
far, because to classify these areas accurately would require a decision 
algorithm incorporating spatial/contextual information. 

Another problem arises in a test area such as this which includes both 
urban and rural land use. Open areas in an urban setting are usually golf 
courses, parks or other grassy areas. The signature for this category of 
land use is virtually identical to the signature for pastures - a rural 
land use. While each of these categories can be identified in its proper 
setting, there are no unique signatures which apply to these categories 
separately. 

There are other problems associated with measuring land cover and 
mapping land use but these generally are similar to the above. It seems 
that one additional question needs to be addressei in order to cope with 
these problems: What is the minimum complement of additional information 

that will enable one to produce accurate land use maps? 
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Supplemental Happing Information 


The most logical place to start looking foi additional information is 
on USGS 7-1/2 minute quadrangle maps. These maps suffer from infrequent 
updating and incomplete coverage, but this need not be a severe handicap. 

Some of the more difficult categories of land use are semi-permanent— 
transportation facilities, for example. Other useful information of a semi- 
permanent nature is also available including parks, schools, churchs, 
cemetaries, hospitals, prisons, etc. One could start the mapping project 
with these land uses on a base map and concentrate the LANDSAT data pro- 
cessing on other categories such as residential, commercial and industrial. 
These are the categories that change rapidly, particularly in a fast-growing 
urban/suburban area. In contrast, the boundaries of parks, airports, etc., 
change slowly, if at all, and these boundaries are shown on the USGS maps. 

Another source of useful information is visual, examination of the area. 

The traditional windshield survey, however. Is quite slow and tedious. 

A more eflicient method for these examinations seems to be low altitude 
surveillance from light aircraft. In our current project the two investigators 
spent a major portion of one day visiting approximately two dozen sites in 
Douglas County and photographing these areas. A teturn visit was made by 
light aircraft and the same sites, plus many others, were photographed in 
less than 1 hour flying time and less than two hours total time. 

The above are some possible sources of supplemental information which 
would be useful to a LANDSAT computer napping project. In those operational 
cases where they are employed, there seems to be no system for carrying out 
these tasks in an efficient and timely manner. It seems, therefore, that 
work to devise and test such a system would be beneficial to those who 
require land use information on a regular basis. 
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Summary and Conclusions 


This study has attempted to provide some "standardization" to the mapping 
of land use via computer processing of LANDSAT data. It has pointed out 
areas where such mapping appears practical and other areas where further 
research is required. While the land use categories used do not necessarily 
reflect those desired oy various groups, they are probably representative 
of such categories. 

Results of this project indicate particular applicability to non- 
urban areas and to those projects requiring fewer land use categories than 
those represented by the Level ii classification used here. Examples of 
such applications might include transportation planning models and hydro- 
logic models as well as generalized land use maps. 
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111. SOLICITATION OF USER EVALUATIONS 


The primary method by which user evaluations were sought was a 
questionnaire developed for this purpose. A copy of this questionnaire is 
Included as Figure 2. The questionnaire was designed to derive both 
qualitative and quantitative data so that both operational requirements and 
cost effectiveness could be measured. 

Several question.-; in the questionnaire are devoted to measuring each 
of the objectives mentioned previously. The questionnaire was structured 
as follows: several general questions (1-5) were asked to determine the 

extent of familiarity with remote sensing data and the primary orientation 
of the user with respect to urban/rural settings. These items are thought 
to be significant because they indicate what the users might be comparing 
LANDSAT mapping with. 

A second group of questions (6-10) was designed to derive measures of 
cost effectiveness for computer mapping with LANDSAT data. Of necessity 
these questions request a combination of quantitative data and opinion. 

In effect we arc only able to measure the perceived effectiveness of LANDSAT 
data. It would be prohibitively expensive to measure true effectiveness, 
if indeed it could be done. The costs reported by users for other mapping 
projects can be assumed to be good data. These can be compared to the 
projected costs of LANDSAT computer mapping project. 

Finally, several questions (11-16) dealing with operational requirements 
and future mapping efforts were included. In addition to identifying user 
requirements, these responses identify those users who might be consider- 
ing the use of LANDSAT data in later projects. It provides another measure 
of the perceived usefulness of LANDSAT data to operational problems. 

Obviously a questionnaire such as that described above is useless if 
the respondent is unfamiliar with LANDSAT and some of its capabilities. 

The selection of agencies/individuals was thus carefully considered. Two 
major distribution efforts were decided upon. First, approximately 150 
questionnaires were distributed at the ASP-sponsored Remote Sensing Symposium 
held in Athens, Georgia on January 28-30, 1975. Copies of the interim report 
on this project were also provided all attendees, and the results of the 
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Figure 2. 

EES - NASA/ MSEC REMOTE SENSING gUESTlONNAIHE 


This questionnaire is designed to gather information to be used in a cost 
effectiveness evaluation of land use/land cover mapping via computer processing 
of LANDSAT (formerly Earth Resources Technology Satellite) computer compatible 
tapes. The project is being performed by the Engineering Experiment Station 
(EES), Georgia Institute of Technology for NASA/Marshai 1 Space Flight Center. 
Your cooperation in helping with this evaluation will be greatly appreciated. 

If you are unfamiliar with computer mapping from LANDSAT data, it may be 
beneficial to delay completing this questionnaire until after the conference. 
There is also information available at the Engineering Experiment Station 
display which might prove helpful. 

Please return the questionnaire to G. William Spann at the confer' ice or 
in the attached envelope. If you would like a copy of the report when • is 
complete, place a check in the box beside your name. 



Affiliation 


Address 


Phone Number 

1. What is your primary area of interest in remote sensing? Land Use _____ 

Pollution Monitoring and Control Impact Statements Resource Manage- 
ment Transportation __ Other (Please Specify) ________________ 

2 . Do you presently use remote sensing data in your work? 

3. If so, what types of data? B&W Film Color Film Color Infrared Film 

Thermal Imagery __ Radar Imagery __ Mult ispectral Scanner Data ___ 

4. Which types of data would you like to have available to work with? B6W Film 

_____ Color Film _____ Color Infrared Film Thermal Imagery __ Radar 

Imagery ___ Mul t ispectral Scanner Data 

5. Are you primarily concerned with: urban/suburban areas _ rural areas __ 

both ? 

6. Have you used any LANDSAT data in your work? If so, which type? Bt>W 

Photographs Infrared Color Composites ___ Computer Compatible Tapes 

7* How do you rate the usefulness of the LANDSAT products in your work? (Good, 
Fair, Poor) 

Rural Areas Urban/Suburban Areas 


B&W 

Infrared Color Composites 
Computer Compatible Tapes 


ORIGINAL P.w;~ k 

OF Poof; oo\un 





Figure 2. (Continued) 


8. Have you been associated with any recent efforts at land use/ land cover 
mapping? If so, please describe briefly. 


9. 

What do you estimate to be the 
this project? __ 

accuracy of the land use data obtained on 

10. 

What was the apprc.xi.Eate total 
the project? 

cost and approximate total a:ea involved in 





11. What scale(s) do you prefer for the data? What scale(s) do you prefer for 
the final map(s)? Please explain. _ ____________ 


12. Have you used the USGS Geologic Circular 671 land use classification system? 
__ __ If so, did you encounter any difficulties? Please explain. __________ 


13. Would you have any specific changes to suggest to the clasHf ication system? 


14. Do you anticipate any land use/land cover mapping efforts in the near future? 
If so, please describe briefly. __ _ 


15. What data sources do you anticipate using to gather this information? 


16. Do you feel that computer mapping from LANDSAT data could be of any benefit 

in this project? if so, how much? Relatively little Some __ 

Substantial 


OTHER COMMENTS 


It 


Douglas County computer processing effort were displayed along with an 
aerial photograph of the same area. This group of respondent then, can 
be assumed to have a reasonable knowledge of the capabilities for computer 
mapping with LANDSAT data. 

There were a substantial number of potentially interested users who 
did not attend the symposium, however. In order to achieve a meaningful 
response in a reasonable amount of time, a mail distribution was decided 
upon. This mailing was generally limited to those invididuals/agoncies 
in Georgia known to have had some introduction to LANTSAT and Its capa- 
bilities. Approximately 30 questionnaires were distributed by mail. 

By these two methods a good sample of users were identified and 
questioned. Responses came generally from the southeast, but some 
questionnaires were received from as far away as Indiana, California, 
and Washington, D. C. 

Responses to the questionnaire varied widely, especially for some 
questions such as 1 1— 13. An attempt is made, however, in the next two 
sections to analyze all responses and aggregate the data in a meaningful 
way. 
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IV. ANALYSIS OF USER RESPONSE - COST EFFECTIVENESS 


Because of the wide variations in responses received as a result of the 
questionnaire, there is no consistent way to aggregate all of the data. 
However, all of the responses were considered in preparing this section and 
the next. Wherever possible, the data are aggregated into meaningful 
categories. In addition, some responses were selected to quote directly. 

As mentioned previously, the first five questions were intended to 
derive general information about the users responding to the survey. In 
order to introduce the background and applications of some ot the respondents, 
these data are tabulated here (numbers Indicate positive responses). 

What is your primary area of interest in remote sensing? Land Use 29 
Pollution Monitoring and Control 7 Impact Statements IU Resource 
Management 20 Transportat ion _9__ Other (Please Specify) _ 

Do you presently use remote sensing data in your work? YES -'3 2 NO-8 

If so, what types of data? B4W Ff? 30 Color Film 24 Color Infrared 
Film 33 Thermal Imagery Ra \.r Imagery Mult ispectral Scanner 

Data 15 

Which types of data would you like to have available to work with? B5>W Film 
27 Color Film 26 Color Infrared Film 34 Thermal Imagery lv Radar 
Imagery 14 Mult ispectral Scanner Data 23 

Are you primatily concerned with: urban /suburban areas 0 rural areas 11 

both 29 

From analysis of the above it Is obvious that the majority of the 
respondents are interested in land use and resource management, two closely 
related areas. In addition to the categories specified, several respondents 
had other interests. Among those listed were: resource appraisal, urban 

change, geology, hydrology, wetlands research , plant strcss/disease, soil 
surveys, and geobotanical studies. The predominance of respondents who 
indicated land use as an area of primary interest demonstrates the need 
for information such as that derived from this project. 

It is not surprising that most of the respondents have used remote 
sensing in their work. Aerial photography is eadlly available as a result 
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of numerous private and public mapping programs as well as from NASA air- 
craft and satellite missions. However, only slightly more than half of 
those returning questionnaires had used LANDSAT data in their work (see 
below) . 

The most popular forms for remote sensing data were film types - 
black and white, color, and color infrared. There were also a number of 
respondents who used und/or preferred thermal Imagery, radar imagery and 
mul tispectral scanner data. 

All of the respondents were either Interested In rural areas only or 
both utban/suburban areas and rural areaH. Urban/suburban areas were 
singled out by none of the respondents. 

it appears then, that the composite respondent to the sur 'ey is 
interested in land use and/or resource management and has used remote 
sensing in his work. Most respondents have used and prefer to use photo- 
graphic products but several have used mult ispectral scanner data. Rural 
areas or a combination of rural and urban/suburban areas are of interest 
to all respondents. This is not too surprising since rural areas comprise 
about 95% of all laud in the U. S. 

Questions 6 and 7 were designed to measure the familiarity of users 
with LANDSA'I data and to evaluate their experience In using LANDSAT data 
of various tvpes. However, it appears that we have in many instances 
measured the perceived usefulness of LANDSAT data rattier than its actual 
usefulness in operational projects. We must draw this conclusion because 
a number of respondents who had not used LaNDSAT data rated its usefulness 
in question 7. The results from all of the respondents are listed below. 


Have you used any LANDSAT data In your <.ork? YES-28 If so, which type? 
Bf»W Photographs 18 Infrared Color Composites 20 Computer Compatible 
Tapes 8 


How do you rate the usefulness of the LANDSAT products in your work? (Good, 
Fair, Poor) 


Rural Areas 
(G) (F) 


7 

5 

T 


(P) 


4 

3 

3 


Urban/Suburban Areas 

(C) (F) (_PJ 

4 5 6 

112 
6 0 4 


B&W 

Infrared Color Composites 
Computer Compatible Tapes 


12 

15 

8 



Of those who rated the usefulness of LANDSAT data, most were familiar 
with photographic products only and most had experience only with rural 
areas. Despite some apparent inconsistencies in the data, the majority of 
the respondents to this question think LANDSAT data are useful and that 
good results can be obtained from one or more LANDSAT products. 

If only those respondents who have actually worked with LANDSAT data 
are included, the results are somewhat more positive. This is particularly 
true in the case of CCT data where all but one of the "poor" responses 
are eliminated and only two "fair" responses remain - the remainder of 
the responses indicating "good" results. This Indicates that CCT data are 
highly regarded by those who have used them, but few respondents have 
actually employed these data in their projects. Results from only those 
individuals who have used LANDSAT data are shown below. 


How do you rate the usefulness of the LANDSAT products in your work? (Good, 
Fair, Poor) 


B&W 

Infrared Color Composites 
Computer Compatible Tapes 



Rural Areas 


Urban/ Suburban 

Areas 

(C) 

(F) 

(P) 

(G) 

(F) 

CP) 

8 

4 

2 

2 

5 

4 

13 

4 

1 

5 

5 

2 

4 

2 

U 

3 

0 

1 


Questions 8, 9 and 10 related directly to costs incurred in other land 
use/land cover mapping projects. Because of highly varied responses, no 
complete tabulations are made. However, we have attempted to select the 
most representative data for further analysis. 

Most of the respondents to the questionnaire hud been involved in land 
mapping projects of some type or were presently involved in one. Estimated 
accuracies ranged from "highly generalized and highly questionable" to 
"completely accurate to less than one acre." Table II was prepared from 
only those responses which met the following criteria: accuracy, cost/ 

area and scale were all included in the responses, and there were no 
inconsistencies in the data. 

The objectives of each mapping project were different and, therefore, 
so were the scales, data sources, and other parameters. The accuracies 
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TABLE i 1 


USER ESI t MATES OF ACCURACY AND COST FOR 
OTHER MAPPING PROJECTS 


Scale (s)* 

Accuracy 

Total 

Area 

Cost/Sq. Mi. 

♦— » 

c 

o 

95% 

1250 

sq. mi. 

$ 1.08 

1:24,000/1:60,000/1:125,000 

80% 

300 

sq. mi. 

60.00 

1:60,000 

85% 

100 

sq. mi. 

100. 00 

1:24,000/1:48,000 

20% 

180 

sq. mi. 

55.56 

1:250,000 

85% 

500 

sq. mi. 

10.00 

1 : 12,000; * : 24,000 

100% 

469 

sq. ml. 

149.00 

*Multiple scales reported by 

some users without further explanation. 


attained, however, were in the range of the accuracy obtained from computer 
mapping with LANDSAT data. Also, the scales employed by several individuals 
were the same as the 1:24,000 used in the computer mapping. 

The costs involved in these projects, however, were generally much 
higher than the costs estimated for land mapping via computer processing 
of LANDSAT data. Based on several studies at EES, an operational mapping 
project involving a substantial area (> 100 sq. mi.) would cost on the order 
of $1 to $3 per square mile depending on the exact requirements of the pro- 
ject. In only one case were the mapping costs in this range. The next 
lowest figure was $10 per square mile - almost certainly an upper limit 
on any computer mapping costs using LANDSAT data. 

Other estimates of the costs of land use mapping from LANDSAT data 
are contained In the published literature. Simpson and Lindgreu (7) of 
Dartmouth College have estimated a cost of $28,000 for a "state sized" area. 
If the state is New Hampshire (where Dartmouth is located), this is approxi- 
mately $3.00 per square mile. 

Jayroe, Larsen, and Campbell (8] of NASA/MSFC have also published 
cost estimates of just the computer time necessary for large-scale mapping 
from LANDSAT CCT's. Their estimates range from $.06-$. 13 per square mile 
for computer time only. Also they state that it is based on use of an 


i 

I 


24 



1 


IBM 7094 at $60 per hour. At EES estimates of computer time only range 
from $.40-$. 50 per square mile, but these are based on a Univac 1108 at 
$400 per hour. Also the EL'S estimates include signature acquisition time, 
whereas it is unclear whether or not the MSFC estimates include this 
t ime . 

In a recent study at NASA/National Space Technology Laboratories, 

Dr. Armond T. Joyce {9 ] has compiled cost data for computer classification 
of one LANDSAT scene (about 13,000 square miles). Naturally these costs 
would change if more or less than one scene were processed. Dr. Joyce 
estimates that the costs of producing a computer classification stored on 
magnetic tape (i.e., for input to a computer model) are from $.54-$. 69 per 
square mile. To obtain a color coded hard copy output would cost about 
$.04 per square mile at a scale of 1:250,000. At a scale of 1:62,500 the 
costs ould approximate $.61 per square mile. Thus, depending on a number 
of factors, costs in the range of $.58 to $1.30 per square mile might be 
expected for processing one complete LANDSAT scene. 

The wide variation in estimates for computer mapping costs apparently 
are the results of what is included in the effort. EES estimates, for 
example, include ground truth evaluation, signature acquisition, and computer 
processing. The MSFC estimates are for computer time only, and it is not 
known what is included in the estimates from Simpson and Lindgren. It 
is thought that the EES estimates are probably an upper limit on computer 
mapping costs — other estimates for lower costs. 
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ANALYSIS OF USER RESPONSE - OPERATIONAL REQUIREMENTS 


Response to questions 11-13 was somewhat disappointing. Few respondents 
answered questions 12 and 13, and those who did gave very general answers. 

The situation was somewhat better for question 11, but some difficulties 
were encountered here also. 

As indicated in the previous section, there were a wide variety of 
preferred scales for data and for maps. Host respondents, however, indicated 
that standard USGS map scales were preferred including: 1:24, 0 n 0, 1:62,500, 

1:125,000, and 1:250,000. Scales as large as 1:400 and as small as 1:1,000,000 
were also specified. In addition, some were only interested in aggregate 
land use data for input to computer models. For these users, scale was of 
no consequence since the desired product did not include maps. 

Only twelve of the questionnaires indicated that use had been made of 
the proposed USGS/NASA land use classification system. Most of these users 
were satisfied with the system or the proposed modifications to the system. 

Of those who expressed dissatisfaction with the system, most wanted a level 
III, IV or finer breakdown included in the system. Other typical comments 
included, "1 would like to see the same work done for more intense urban 
areas at a smaller sca’e," "The classification does not fit precisely the 
categories we find significant," and "This system is weak in several areas 
of resource classification." 

None of those who objected to the USGS/NASA classification gave suffic- 
ient detail about proposed revisions to warrant inclusion here. Generally, 
the need was expressed for finer classification schemes that were in some 
way "standard." 

Answers to the last three questions in the series were perhaps the most 
informative of all. Over 75% of those responding were involved in or 
anticipated some land mapping effort. This reflects actual needs for the 
type of data that could be supplied from computer processing of the LANDSAT 
data. 

The data sources indicated by those involved in the above projects 
include virtually every imaginable source. Some of these were: windshield 

surveys, personal interviews, aerial photography, LANDSAT photographs, 
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Skylab photographs, and LANDSAT CCT's. Low altitude and/or high altitude 
aerial photography was mentioned by most respondents as the data source they 
were likely to use. 

A significant percentage of the respondents reported that they thought 
computer mapping from LANDSAT data could benefit them in present or future 
projects. A number of those who responded negatively or did not respond 
either way indicated that they would like more information about LANDSAT 
and its capabilities. A tabulation of the responses to the last question 
is given below: 

Do you feel that computer mapping from LANDSAT data could be of any benefit 
in this project? YES-2 1 If so, how much? Relatively little 2 Some 9 
Substantial 10 

The above tabulation of relative merit (question 16) includes only 
those respondents who answered positively. If someone indicated that 
computer mapping would be of no benefit, no rating was applied even though 
he may have checked "relatively little," 

Considering the responses to this question as well as the responses to 
question 7, there is a high perceived usefulness for computer mapping using 
LANDSAT CCT's. However, there is also a strong need for additional educa- 
tion in Its availability, applicability, and use. This was brought out here 
and in many of the comments listed at the end of the questionnaire. 

One response to the questionnaire deserves a complete analysis. It 
probably represents "the future" of LANDSAT and similar earth-vi wing 
satellites. The Georgia Department of Transportation (DOT) has been 
following the results of this project closely. Their application is ideally 
suited to computer mapping from LANDSAT data. Furthermore, this is the only 
feasible method of gathering the data from both a cost and timeliness 
standpoint . 

Presently, the Georgia Department of Transportation and the University 
of Georgia are jointly developing a transportation planning land use simula- 
tion model which will allow the Department to examine the impact of transpor- 
tation corridors upon land use, population, employment and housing on a 
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statewide basis. The model is being specifically designed to facilitate 
impact studies of alternative transportation corridors. A series of model 
runs may be used to estimate impacts over any highway length or corridor 
width. 

The transportaton planning land use model is an impact type, iterative, 
interactive land use simulation model. The model represents a series of 
self-contained, interrelated submodels. The submodels to be developed are 
employment, population, housing, land use, and transportation. This modular 
framework will make it possible to run the model with alternative fore- 
casting techniques and alternative policy assumptions. 

The project is divided into three phases. Presently it is in Phase I, 
which involves the development of the simulation model and its application 
to seventeen counties in Northeast Georgia (i.e., Newton, Morgan, Creene, 
Rockdale, Walton, Oconee, Gwinnett, Clark., Oglethorpe, Barrow, Jackson, 
Madison, Gilbert, Hall, Banks, Franklin, and Hart). Allocations are m&de 
to the county and county census divisions based upon activity levels, land 
availability, accessibility, and attractions indices. 

Population, housing, and employment are constrained to a large extent 
by the land use submodel in terms of the amount of developable land and the 
land absorption coefficients. Within their present framework, there is an 
inadequate supply of reliable land use data. Georgia DOT has only been 
able to collect those items related to a gross aggregation of soil 
characteristics , slope, vegetation (some), and a simple differentiation 
of urban areas and rural areas. Thus, in the land use equation system, 
they are forced to be very general because of the limited land use data. 

This indicates that there is a problem of manually collecting detailed, 
reliable land use data and managing these data for input into the modeling 
process. 

In order to overcome some of the problems with manual methods of 
gathering land use data, the use of computer processing of LANDSAT data 
is envisioned. The u«e of LANDSAT data for the seventeen county test area 
will greatly aid modeling efforts by increasing the detail and accuracy of 
the land use data. Basically, what is desired from LANDSAT are data tables 
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using the Anderson classification (Level II) for the study area aggregated 
by county census division. In the near future Georgia DOT envisions dealing 
with the land use data on about an acre basis. DOT's model would be used 
to forecast area development factors and then use micro-economic land use 
theory to distribute the forecasted change. In order to accomplish this, 
land use data is needed with the resolution that I AND SAT can provide. 

The potential benefits of LANDSAT as compared to hand collected data 
are numerous. LANDSAT data would greatly facilitate research efforts in terms 

of the costs and time saving as well as a greater sophistication of modeling 
when compared with the grossness of the data collection and accuracy now 
inherent in the model. 

Present testing and evaluation of the model is limited to a seventeen 
county area in northeast Georgia. However, expansion of the model is 
anticipated as soon as its verification in this area is complete. Specific 
anticipated benefits of using the computer processed LANDSAT data for input 
to the model include: 

(1) The data are already available in computer compatible format, 
thus requiring little time and effort for input to the model. 

(2) The data can be referenced to any desired geographic coordinate 
system so that additional parameters can be included as desired. 

(3) Aggregation of the data by various civil boundaries is easily 
accomplished after referencing to a coordinate system. 

(4) Updating of the data base is easily accomplisl .d when necessary. 

(5) No other source can provide data with this information content at 
an affordable cost. 

Modeling efforts such as this will certainly be aided by havii g a source 
of land use data such as can be supplied by computer processing of LANDSAT 
CCT's. An analogy can be drawn here between present efforts at transportation, 
hvdrologic and other modeling efforts that require land data and the early 
corporate attempts at producing workable management information systems (MIS'). 

A number of early attempts at producing workable MIS resulted in 
complete failure and the loss of many thousands or millions of dollars of 
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effort. Because each MIS was unique, it is not possible to assign a 
reason why all failed. However, a contributing factor in many of these 
failures wa6 an Inability to create an adequate data base that could be 
maintained efficiently and economically. In other words, the costs of 
maintaining the data base exceeded any benefits derivable from the infor- 
mation system which it supported. 

Use of LANDSAT data in modeling efforts is likely to Increase consider- 
ably because of the nature of the data. It is already in computer readable 
format. This makes it relatively inexpensive to work with the data before 
or after inputting to the model. For these reasons, we concluded that 
LANDSAT data will play a major role in many land-oriented data bases 
supporting planning models or other planning activities related to land 
use/land cover. 
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VI. SUMMARY AND CONCLUSIONS 


In working with several agencies throughout this project* one need was 
emphasized regularly. This was the same need expressed by many respondents 
to the EES/MSFC questionnaire. More information concerning the capabilities 
of LANDSAT for land use/land cover mapping is eagerly desired. Particularly, 
more knowledge of the relationship of LANDSAT data products to planning 
agency requirements is sought. 

Generally those individuals/agencies that are familiar with LANDSAT 
products are favorably disposed toward their use in operational projects 
being pursued. As expected, very few respondents had actually employed 
computer mapping of LANDSAT data in their work. However, slightly more 
than half of the respondents (52.5%) indicated that computer mapping could 
benefit their current and/or future projects. 

The accuracies achieved with computer mapping approximate those 
achieved by other means as indicated in responses to the survey. The costs 
of computer mapping, however, are substantially less than most of the reported 
mapping efforts. It is possible, based on estimates by others, that even the 
EES cost estimates are too high. Certainly these figures should represent 
an upper limit on costs. 

Based on the entire project results, a number of specific conclusions 
can be drawn. Among these are? 

(1) Computer mapping from LANDSAT data is fast and comparable in 
accuracy to many other mapping efforts. 

(2) The costs of computer mapping from LANDSAT data are substantially 
less than those of other methods. 

(3) Maps produced by these methods meet the operational requirements 
of many planning projects. 

(4) Level H accuracies are higher in rural than in urban areas and, 
thus, this technology is probably applicable to 95% of the land 
area of the southeast. 

(5) Level I mapping accuracies approach 100%. 

(6) There is a substantial desire for additional information related 
to LANDSAT capabilities and data products. 
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These conclusions are supported by the actual computer processing 
results achieved at the Douglas County test site, and by the responses to 
the questionnaires that were circulated. It is also certainly true that 
not all land use mapping efforts can be achieved by computer mapping from 
LANDSAT data. For these efforts, possible alternative methodologies and 
data sources were discussed in Section II. However, the majority of those 
responding to the survey favor use of this technology in their own 
ef forts. 
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APPENDIX A 


The following is a list of respondents to the questionnaire used in 
preparing a portion of this report. 


Ed Evans 

McIntosh Trail APDC 
Criffin, Georgia 30223 

Robert H. Maxey 
Northeast Georgia APDC 
Athens, Georgia 

Gary W. North 

U. S. Geological Survey - EROS Program 
Bay St-. Louis, Miss. 39520 

J. E. Gentry 
Oconee APDC 

Mi lledgeville, Georgia 31061 

James C. Fisher, Jr. 

Georgia Mountains APDC 
Cainesville, Georgia 30501 

David A. Bowers 

Coosa Valley Planning Commission 
Rome, Georgia 30161 

F. P. Weber 

USDA - Forest Service 

Washington, D. C. 20250 

E. D. Metivier 

West Georgia College 

Carrollton, Georgia 30117 

C. Danvel Sapp 

Geological Survey of Alabama 
University, Alabama 35486 

Raymond A. Peterson 
Ball State University 
Muncie, Indiana 

James R. Brotherton 
Jacksonville University 
Jacksonville, Florida 32211 


Virginia Carter 

U. S. Geological Survey 

Reston, Virginia 22092 

Leroy A. Williams 

Quality Environment Systems, tnc. 

Atlanta, Georgia 30341 

Ronald Keeler 

Coastal Area Ping. 4> Develop. Comm. 
Brunswick, Georgia 31520 

John B. Rehder 
University of Tennessee 
Knoxville, Tennessee 37916 

Charles S. Bartlett, Jr. 

Emory & Henry College 
Emory, Virginia 24327 

Robert T. Colona 
U. S. Forest Service 
Roanoke, Virginia 24012 

Mahlon Hammetter 
University of Kentucky 
Lexington, Kentucky 40504 

Carlos H. Blazquez 
University of Florida 
Lehigh Acres, Florida 33936 

Timothy K. Cannon 
Auburn University 
Auburn, Alabama 36830 

Paul Jeffs 

Department of Transportation 
Atlanta, Georgia 303 'A 

Stephen G. Weber 
Tennessee Valley Authority 
Norris, Tennessee 37828 
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Robert H. Uun lap 

S.C. Marine Resources Center 

Ft. Johnson, S. c. 


Este F. Holly day 

U. S. Geological Survey, W.K.D. 

Nashville, Tennessee '3 7203 


Donald B. Stafford 
Clemson University 
Clemson, S. C. 29b 31 

Jonathan C. Heseock 

Bausch and Lomb 

Ocean Springs, Miss. 39Sb4 

William C. Brooner 
Earth Satellite Corp. 

Washington, D. G. 2UU0b 

Richard L. Zwelg 
U. S. Forest Service 
Decatur, Georg, a 30030 

T. W. Green 

U. S. Forest Service 
Atlanta, Georgia 30309 

Harry C. Hitchcock, IN 
TVA Forestry Branch 
Norris, Tennessee 37828 

Donald Malone 

TVA Maps & Surveys Branch 
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